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PROCESS FOR THE REDUCTIVE
AMINATION OF HALOGEN-CONTAINING
SUBSTRATES

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s the national stage filing under 335

U.S.C. § 371 of PCI/EP2015/075734, filed Nov. 4, 2015,
which claims priority to FEuropean Application EP

14191761.7, filed Nov. 4, 2014, the contents of which are
incorporated herein by reference 1n their entirety.

PARTIES TO JOINT RESEARCH AGR

EMENT

(L]

Inventions disclosed or claimed herein were made pursu-
ant to a Joint Research Agreement between Taminco Italia
srl and Universita delgi Studi de Milano.

FIELD OF THE INVENTION

The present invention relates to chemical reactions which
involve the chemical conversion of a first functional group
in an organic feed substrate, in the presence of hydrogen,
whereby the organic feed substrate comprises at least one
turther functional group containing a halogen atom other
than fluorine. More particularly, the invention relates to the
noble metal catalysed reductive amination of only the first
functional group on the substrate while keeping the further
functional group containing the halogen atom substantially
untouched and present 1n the reaction product.

BACKGROUND OF THE INVENTION

The selective conversion of one functional group 1n a
multifunctional feed substrate has been an area of continu-
ous high interest throughout the chemical, pharmaceutical
and agrochemical industry. In particular, halogen atoms are
often incorporated next to other functional groups 1n active
ingredients or in precursors of those active ingredients.

The objective of high selectivity has often been rather
clusive, because most processes are prone to side reactions
leading to significant amounts of byproducts. These side
reactions are consuming valuable amounts of feed substrate,
and the byproducts are often rather useless. Some of the
byproducts may also be diflicult to separate from the desired
product. In cases where the desired product 1s an nterme-
diate for the production of a further derivative, some of the
byproducts may also be disturbing for further synthesis steps
because they may be reactive 1n such downstream process
step and may lead to undesired additional consumption of
valuable raw materials and even to undesirable and/or
unacceptable end product contamination.

Multi-step synthesis protocols of complex multifunctional
chemicals more and more comprise catalytic conversion
steps as these often outpertorm their stoichiometric alterna-
tives with respect to atom efliciency and reduced waste
generation. Reductive conversion steps with hydrogen gas
as the reducing agent typically use metal based catalysts 1n
order to proceed at rates of commercial interests.

Metals, however, often interfere with carbon-halogen
bonds 1n organic compounds. Pd 1n particular is for instance
capable of serting mto a carbon-halogen bond. Such
behaviour 1s desired in 1ts use as catalyst in so-called
coupling reactions. Such reactions are often used as key
steps 1n multi-step synthesis paths for complex organic
compounds, such as active ingredients 1n pharmaceutical or
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agrochemical industry. In a coupling reaction, a halogen
containing first fragment 1s coupled with a second fragment
by means of a catalyst, in which the second fragment 1s
coupled to the first fragment at the position where the
halogen was originally located. The second fragment may be
coupled via a large variety of functional groups, and difler-
ent versions of such coupling reactions have often received
specific names, such as the Heck coupling, which 1s using an
olefin, the Sonogashira coupling, which 1s using an alkyne,
the Suzuki coupling, which 1s using a boronic acid and the
Stille coupling, which uses an alkyl tin group. This list 1s far
from exhaustive, because many more different functional
groups may possibly be used for such coupling.

Insertion of a metal such as Pd into a carbon-halogen bond
in the presence of hydrogen but in the absence of a suitable
fragment to couple usually results 1n the displacement of the
halogen atom by a hydrogen atom and hence the loss of the
halogen (X) as part of the substrate. Such hydrogenolysis
reaction 1s especially enhanced 1n the presence of a base
which may capture the liberated acid HX. This reaction may
be used advantageously 1n some applications, such as envi-
ronmental treatment of halogenated organic pollutants.

For the production of the halogenated fragments to be
used 1 subsequent coupling reactions, or in case halogen
atoms are required 1n the structure of the final product, the
insertion of the metal catalyst into the carbon-halogen bond
1s not desired, as it usually leads to side reactions and
associated material losses. Not all halogens are evenly
sensitive for this dehalogenation side reaction. The risk for
dehalogenation 1s particularly high with chlorine, bromine

and 10dine, and much lower with fluorine-containing sub-
strates.

A variety ol methods have therefore been attempted 1n
order to increase the selectivity of metal catalysed reductive
aminations of one functional group 1n the presence of one or
more halogen atoms elsewhere 1n the substrate molecule, in
particular for chlorine, bromine and iodine.

One method mvolves the addition of modifiers to the
reaction mixture or working into alternative reaction media.

U.S. Pat. No. 5,011,996 for instance discloses in Example
14 a process for the reductive amination of ortho-chloro
benzaldehyde with ammonia, in methanol, under 90 bar of
nitrogen supplemented by hydrogen addition until comple-
tion of the hydrogen uptake. Methanol-moist Raney nickel
was used as the catalyst and a small amount of bis-(2-
hydroxyethyl) sulphide was added as a modifier. The reac-
tion mixture contained 90.5% ortho-chloro-benzylamine as
the prime product, together with 0.9% of benzylamine and
6.8% of ortho-chloro-benzyl alcohol.

U.S. Pat. No. 6,429,335 B1 discloses 1n Example 1 also a
process for the reductive amination of ortho-chloro benzal-
dehyde with ammonia, now under 140 bar of hydrogen using
Raney nickel or Raney cobalt, to produce the primary amine
ortho-chlorobenzylamine. This process operates 1n the pres-
ence of an amount of disodium tetraborate decahydrate
(borax), optionally together with a small amount of bis
(hydroxyethyl) sulphide, and obtains a product selectivity of
at most 95.87% wt. The main byproduct 1s 3.19% wt of
ortho-chloro-benzyl alcohol, and only 0.1% wt of benzylam-
ine was found.

WO 2014/135508 Al and EP 2774911 Al disclose a
process for the production of ortho-chloro-N,N-dimethyl-
benzylamine by the reaction of ortho-chloro-benzaldehyde
(2-CI-BZA) with dimethylamine (DMA), 1n the presence of
acetic acid, hydrogen and a nickel catalyst. The examples
use a molar ratio of DMA/2-CI-BZA of at least 1.5/1, and
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demonstrate that a higher yield of the desired product 1is
achieved when this molar ratio 1s increased further.

US 2007/0078282 Al discloses reductive amination using
bitunctional catalysts containing a hydrogen-active compo-
nent with an acidic oxide as cocatalyst. Only example 4
starts from a halogen-containing substrate, the halogen
being tluorine. Fluorine 1s however known to be particularly
insensitive to dehalogenation, much less than the other
common halogens.

Other chemical pathways to obtain particularly valuable
polytunctional products containing halogens have also been
explored.

The stoichiometric alternative to the catalytic reductive
amination of o-chloro benzaldehyde to obtain o-chloro-
benzyl-dimethylamine 1s exemplified by WO 2013/017611
Al, which describes a process to obtain o-chloro-benzyl-
dimethylamine from o-chloro-benzyl chloride and dimeth-
ylamine. The vield of the reaction was at most 95.4% of
theory. The reaction was performed without involving any
catalyst and a chlonide salt was obtained as an undesired
byproduct. Such processes based on stoichiometric chemis-
try i general sufler from poor atom ethciency and produc-
tion of large amounts of waste.

There therefore remains a need for a highly selective
conversion in the reductive amination of only the first
functional group, on a substrate containing at least one
turther functional group containing a halogen atom. The
desire 1s to achieve industrially acceptable reaction rates
while keeping the further functional group containing the
halogen atom substantially untouched and present in the
reaction product.

It 1s an objective of the process according to the present
invention to carry out the selected chemical reaction with a
low degree of dehalogenation. Fluorine 1s known to be
significantly less sensitive to dehalogenation than the
heavier and more bulky halogens chlorine, bromine and/or
1odine. A fluorine atom mitially present 1n the feed substrate
molecule therefore has a higher likelihood to remain present
in the reaction product as compared to the other halogens.
There therefore remains a particular need for a highly
selective catalyst which will allow a low degree of dehalo-
genation 1n a substrate containing at least one further func-
tional group containing chlorine, bromine and/or iodine.

The present mnvention aims to obviate or at least mitigate
the above described problem and/or to provide improve-
ments generally.

SUMMARY OF THE INVENTION

According to the mvention, there i1s provided a process
and a particularly useful composition which may be pre-
pared using the process, as defined in any of the accompa-
nying claims.

The mvention therefore provides a process for performing,
a reductive amination of a first functional group in an
organic feed substrate, which feed substrate comprises at
least one further functional group containing a halogen
atom, wherein the halogen atom 1s selected from the list
consisting of chlorine, bromine, iodine and combinations
thereol, 1n the presence of hydrogen and a heterogeneous
catalyst comprising at least one first metal selected from the
list consisting of palladium, Pd, platinum, Pt, rhodium, Rh,
iridium, Ir, and ruthenium, Ru, and 1n absence of a catalytic
amount of any second metal selected from the list consisting
of silver, Ag, nickel, Ni, cobalt, Co, tin, Sn, bismuth, Bi,
copper, Cu, gold, Au and combinations thereof, whereby the
heterogeneous catalyst has been heat-treated prior to the
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4

reductive amination at a temperature in the range of 100-
600° C. for a period of at least one hour, preferably at least
two hours.

The applicants select the first metal from the list consist-
ing of palladium, Pd, platinum, Pt, rhodium, Rh, iridium, Ir,
and ruthemium, Ru. More preferably the applicants use
palladium or platinum as the first metal. Palladium and
platinum are more readily available than most of the other
noble metals 1n the list of first metals, and are therefore more
readily obtainable as a raw material, usually also at a lower
cost for the production of the catalyst. Palladium and plati-
num are also metals which are easier to recover or to
recuperate from a spent catalyst, and to recycle into a new
use. Although palladium and platinum are typically not
recognized as highly selective catalysts for performing
reductive aminations of substrates containing halogens, we
have found that the catalysts containing palladium or plati-
num as the first metal, and 1n absence of the second metal as
specified above, when properly heat treated according to the
present invention, surprisingly combine the benefits of a
high activity with a greatly improved selectivity when
reacting halogen containing substrates. Without wanting to
be bound by this theory, the applicants believe that this
surprising eflect 1s related to a growth of the metal particles
on the catalyst during the heat treatment. The applicants
have at least found indicative evidence hereol by X-ray
diffraction (XRD) analysis of catalysts before and after the
heat treatment. The applicants believe that this eflect and
advantage extends also to the other first metals, as specified.
Ruthenium may further be advantageous to use as a {first
metal, because it 1s also more readily available as compared
to some other first metals. One advantage 1s that 1s usually
also available at a somewhat lower cost.

Preferably, the applicants use a monometallic catalyst for
the process according to the present invention, whereby 1s
meant a catalyst comprising only catalytic amounts of the at
least one first metal. We have also found that such a
monometallic catalyst 1s easier to obtain as compared to
bimetallic catalysts. Bimetallic catalysts, or catalysts with
even more different metals, typically require at least two
steps for depositing the metals on the catalyst. With bime-
tallic catalysts, or catalyst containing even more different
metals, whereby the different metals should collaborate with
cach other in order to obtain the desired catalytic benefits, 1t
1s also usually more critical that the metals have the desired
distribution over the support surface of the catalyst, and also
that the deposits of the different metals are sufliciently close
to each other to enable the catalytic cooperation between the
two metals. The applicants have found that the catalysts
containing only catalytic amounts of the first metals,
whereby there 1s no cooperation between different metals
required 1n order to obtain the desired eflect, are easier to
obtain as compared to the catalysts requiring the presence of
also second metals 1n catalytic quantities 1n order to achieve
the desired catalytic effects. Furthermore, such single metal
or monometallic catalysts may often have a lower risk of
metal leaching, and the metal may be more easily recovered
and refined from the spent catalyst. Another advantage of
monometallic catalysts over bimetallic catalysts 1s that they
may be manufactured with a higher reproducibility.

We have found that the process according to the present
invention 1s highly selective in performing the desired
chemical conversion of the first functional group, while
keeping the further functional group containing the halogen
atom substantially intact such that the halogen remains
present in the reaction product. We have for instance found
that the dehalogenation of a halide function as the further
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functional group on the substrate, a side reaction which 1s
occurring when using monometallic palladium catalyst, may
be significantly suppressed, and essentially avoided, when
using the process according to the present invention. The
dehalogenated byproduct 1s typically useless, and possibly
even a nuisance. The same may apply to the halide contain-
ing byproduct (e.g. HX) of the undesired dehalogenation
reaction, which for instance may cause corrosion to the
reactor or downstream processing equipment. The side reac-
tion thus typically represents a downgrade of valuable
starting materials, and adds additional burden for removal of
the byproducts from the desired reaction product or for
selecting more precious construction maternals. The process
according to the present invention thus brings the advantage
ol producing a highly pure desired reaction product, which
requires much less clean-up, i any, before 1t may be put to
turther use. The process also brings the advantage of highly
cllicient use of the starting organic substrate, with very low
downgrade, 11 any, to byproducts which may be useless or
undesired in the prime reaction product, in which case the
byproducts must be separated off and typically discarded or
even require additional efforts for disposal 1n a responsible
manner. Furthermore the process according to the present
invention avoilds the use of expensive and generally less
active platinum as the metal 1n the catalyst without com-
promising the selectivity.

The applicants have found that the process according to
the present invention may be particularly suitable for the
reductive amination of ortho-chloro-benzaldehyde in the
presence ol dimethyl amine, DMA, to produce ortho-chloro
benzyl dimethyl amine, o-CI-BDMA. The applicants have
found that the process according to the present mmvention
may produce the desired o-CI-BDMA, also known as ortho-
CI-BDMA or 2-CI-BDMA, 1 very high vield and in par-
ticularly high purity, with very little byproducts.

The process according to the present invention therefore
1s able to provide a composition comprising, as measured by
gas chromatography, GC,

a) at least 98.0% wt of o-chloro-benzyl-dimethylamine,
0-CI-BDMA,

b) at most 0.40% wt of ortho-chloro toluene, preferably the
total of all chloro toluene 1somers, and

¢) at least 0.005% wt or 50 ppm by weight of o-chloro-
benzyl alcohol.

The content of o-chloro-benzyl alcohol in this composi-
tion may preferably be at least 0.007% wt of 2-chloro-benzyl
alcohol, more preferably at least 0.009% wt, even more
preferably at least 0.010% wt, yet more preferably at least
0.012% wt, preferably at least 0.015% wt, more preferably
at least 0.020% wt, even more preferably at least 0.030% wit,
preferably at least 0.040% wt, more preferably at least
0.05% wt, preferably at least 0.07% wt of 2-chloro-benzyl
alcohol, more preferably at least 0.09% wt, even more
preferably at least 0.10% wt, yet more preferably at least
0.12% wt, preferably at least 0.15% wt of 2-chloro-benzyl
alcohol. Optionally the composition contains at most 1.0%
wt of 2-chloro-benzyl alcohol.

The applicants have found that this composition 1s par-
ticularly suitable as an intermediate for the production of
more complex structures in multi-step synthesis routes. Such
routes may lead to agrochemical or pharmaceutical active
ingredients. The applicants believe that the low presence 1n
the composition of ortho-chloro toluene, more generally the
total of all chloro toluenes, in particular of the mono chloro
toluenes, and preferably also of chloro dichloromethyl ben-
zenes, also known as chloro benzalchlorides, 1n particular of
o-chloro dichloromethyl benzene, also known as 2-chloro
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benzyl dichloride or ortho-chloro benzalchloride, preferably
below the detection limit 1n the most appropriate analytical

technique, and more preferably the total absence thereof,
makes the composition highly suitable for use as raw
material 1n the further steps of many synthesis routes. The
applicants have found that the compounds such as a chloro
toluene, such as mono chloro toluene, and ortho-chloro
dichloromethyl benzene, are contaminants which participate
in downstream steps when the composition 1s used as an
intermediate for the synthesis of complex chemical com-
pounds. However, they do not lead to the desired compound
and hence represent a loss of valuable reagents. The com-
pounds which result from these contaminants are at best
inert but may also exhibit effects which are undesired in the
final composition, 1n which case an excessive occurrence of
these side reactions creates a need for extra purification steps
in the overall synthesis process.

The composition contaimng o-CI-BDMA 1s 1n particular
usetul 11 such further steps comprise metallation reactions
such as lithiation or Grignard reactions, such as described 1n
US 2010/0113778 Al, or coupling reactions such as the
reactions known as the Heck, the Sonogashira, the Suzuki or
the Stille coupling.

The applicants have found that a small amount of
o-chloro-benzyl alcohol being present in the composition
obtainable by the process according to the present invention,
which may be present when the composition i1s obtained
using the process according to the present invention, 1s of
little consequence for the further use of the composition,
such as 1n many further synthesis steps and/or many uses of
the products thereof.

DETAILED DESCRIPTION

The present invention will be described 1n the following
with respect to particular embodiments and with reference to
certain drawings but the invention 1s not limited thereto but
only by the claims. Any drawings described are only sche-
matic and are non-limiting. In the drawings, the size of some
of the elements may be exaggerated and not drawn on scale
for illustrative purposes. The dimensions and the relative
dimensions do not necessarily correspond to actual reduc-
tions to practice of the invention.

Furthermore, the terms first, second, third and the like 1n
the description and in the claims, are used for distinguishing
between similar elements and not necessarily for describing
a sequential or chronological order. The terms are inter-
changeable under appropriate circumstances and the
embodiments of the invention can operate in other
sequences than described or 1llustrated herein.

Moreover, the terms top, bottom, over, under and the like
in the description and the claims are used for descriptive
purposes and not necessarily for describing relative posi-
tions. The terms so used are interchangeable under appro-
priate circumstances and the embodiments of the mnvention
described herein can operate i other orientations than
described or 1llustrated herein.

The term “comprising”’, used in the claims, should not be
interpreted as being restricted to the means listed thereatter;
it does not exclude other elements or steps. It needs to be
interpreted as specilying the presence of the stated features,
integers, steps or components as referred to, but does not
preclude the presence or addition of one or more other
features, integers, steps or components, or groups thereof.
Thus, the scope of the expression “a device comprising
means A and B” should not be limited to devices consisting
only of components A and B. It means that with respect to
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the present invention, the only relevant components of the
device are A and B. Accordingly, the terms “comprising’” and
“including” encompass the more restrictive terms “consist-
ing essentially of”” and “consisting of”.

The terms “ortho™, “meta” and “para”, abbreviated by o-,
m-, p-respectively, are used to indicate the relative position
of two substituents on an aromatic cycle, as defined by the
International Union of Pure and Applied Chemistry (IU-
PAC). Taking the standard priority rules for functional
groups and substituents into account, their positioning may
also be referred to by numbers 1n chemical nomenclature. In
this respect, the indication 2-, 3-, and 4-correspond to o-, m-,
and p-respectively.

In an embodiment, the current invention involves the use
ol a heat treated Pd catalyst for the reductive conversion of
halogenated substrates in the presence of hydrogen, and in
particular the reductive amination of such substrates. Being,
a catalytically very active metal, Pd has the advantage over
Pt of being much cheaper and being easier to recover.

The process according to the present ivention 1s per-
formed 1n the presence of hydrogen. The use of hydrogen
(H,) as the reducing agent 1s much favoured by the presence

of a metal catalyst. Such a catalyst 1s believed to be
instrumental 1n activating the molecular hydrogen by weak-
emng the H—H bond. Next to the activation of H,, the
catalyst may also play a role in other reaction steps, such as
the other steps mvolved 1n the reductive amination mecha-
nism. This role together with the characteristics of the
reaction conditions (such as the presence of free amine,
water, the typical temperature and pressure range, etc. . . . )
make that reductive amination catalysts are often tailored for
this specific process, especially when sensitive (e.g. multi-
functional) substrates are involved. It was therefore surpris-
ing to see that the heat treated catalyst as used 1n the process
of this mvention was found to show such good halogen
retention properties.

Suitable organic feed substrates for the process according
to the current invention are organic molecules containing at
least one reducible functional group next to at least one
halogen atom.

In an embodiment of the process according to the present
invention, the first functional group 1s selected from the list
consisting of an aldehyde, a ketone, and combinations
thereol. Reducible functional groups which may suitably be
hydrogenated with the heat treated Pd catalyst according to
the process of the present invention are ketones, aldehydes,
nitro groups, carboxylic acids, carboxylic esters, carboxylic
amides, unsaturated carbon-carbon bonds, nitrile, imine and
oxime groups. Such functional groups may be present 1n the
substrate already when this 1s entered 1nto the reactor, but
may also be generated 1n si1tu during the course of a chemical
reaction.

In an embodiment of the process according to the present
invention, the first functional group 1n the feed substrate 1s
first converted 1n situ by reaction with an additional reagent
to form a reducible functional group. In particular, ketones
and aldehydes may be converted to various intermediates,
under the conditions of a reductive amination reaction, and
which intermediates are subsequently hydrogenated with
hydrogen to the final product of the reaction.

The halogen atom (X) 1s a selected element from group 17
in the IUPAC periodic table dated 22 Jun. 2007. In an
embodiment of the process according to the present inven-
tion, the further functional group 1s selected from the list
consisting of a chloride, a bromide and an 1odide. The
halogen 1s typically attached to the substrate by means of a
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covalent bond with a carbon atom (C—X bond). The carbon
atom to which the halogen is attached may be either sp, sp?
or sp> hybridized.

In an embodiment, the process according to the present
invention 1s for the reductive amination of a halo-benzalde-
hyde 1n the presence ol a mitrogen containing compound,
preferably the nitrogen compound being selected from
ammonia, a primary amine and a secondary amine, and
mixtures thereof, preferably for the production of ortho-
chloro benzyl dimethyl amine, o-CI-BDMA, by the reduc-
tive amination of ortho-chloro-benzaldehyde 1n the presence

of dimethyl amine, DMA.

For a reductive amination, chloro benzaldehydes (ortho,
meta or pare) are particular interesting substrates, as they
may lead to the corresponding chloro benzylamines. Both
the chloro and the amine functionality in these reaction
products make the products of interest as further chemical
building blocks, because the functionalities represent suit-
able points for further functionalization in subsequent syn-
thesis steps. The chlorine atom oflers opportunities for
metallation reactions, such as lithiation or Grignard reac-
tions, while the amine group offers possibilities for a further
reductive amination or in case of a tertiary amine for
quaternisation and conversion into other suitable leaving
groups.

Reductive amination 1s the reaction well known in chem-
1stry for the synthesis ol primary, secondary or tertiary
amines starting from a suitable ketone or aldehyde. The term
“amination” relates to the reaction part in which an amine
functionality 1s incorporated into the substrate. The term
“reductive” relates to the observation, when comparing the
feed substrate and the product of a reductive amination
reaction, that a reduction has necessarily also taken place. In
chemistry, a reduction reaction refers 1n general to the gain
of electrons of an atom or a molecule. In organic chemistry,
reductions are usually related with the disappearance of
unsaturations, such as double bonds, from the substrate
molecules. The net result of a reductive amination of a
ketone or aldehyde 1s the conversion of a C—0O double bond
into a C—N single bond.

In an embodiment of the process according to the present
invention, the reductive amination 1s performed 1n two steps,
in the first step reacting the aldehyde with the nitrogen
containing compound, and in the subsequent step ntroduc-
ing hydrogen and the catalyst, preferably the two steps being
performed in the same reaction vessel. The general mecha-
nism of reductive aminations 1s believed to start with the
nucleophilic addition of ammonia or a primary or secondary
amine species to the carbonyl group of the ketone or
aldehyde. Such addition may occur with or without the aid
of a catalyst. The resulting adduct, sometimes referred to as
“hemiaminal”, may react further by the elimination of water
to the corresponding imine. The occurrence of 1mine for-
mation 1s not essential for the outcome of the reductive
amination, and in case of the use of secondary amines as
reagents, this even 1s impossible. In this case, enamines may
be formed as intermediates.

The next step 1n the mechanism of the reductive amina-
tion ivolves a reduction step. All three of an 1mine, a
hemiaminal or an enamine may be the substrate before and
on which the reduction 1s taking place. For this step, a
reducing agent 1s required, which itself will be oxidized after
the reaction has been effectuated. Such as for other hydro-
genation reactions, stoichiometric reagents are sometimes
used for this purpose, such as for instance formic acid or
hydrides such as borohydrides or aluminum hydrides, but
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from the pomnt of view of atom efliciency and process
economics, the use of hydrogen gas 1s particularly favour-
able.

In an embodiment of the process according to the present
invention, the heterogeneous catalyst comprises the {first
metal at a concentration in the range of 0.1-10.0% by
weight, preferably at a concentration of at least 0.5% by
weilght, more preferably at least 1.0%, even more preferably
at least 1.5%, yet more preferably at least 2.0%, preferably
at least 2.5% by weight, more preferably at least 3.0%, even
more preferably at least 3.5%, yet more preferably at least
4.0%, preferably at least 4.5% by weight, and optionally at
a concentration of at most 10.0%, preferably at most 9.0%,
more preferably at most 8.0% wt, even more preferably at
most 7.0% wt, vet more preferably at most 6.0% wt,
preferably at most 5.0%, more preferably at most 4.0%, all
based on the total weight of the catalyst. The applicants have
found that these levels provide an advantageous balance
between catalyst performance and the costs and eflorts
associated with the production of the catalyst.

In an embodiment of the process according to the present
invention, the heterogeneous catalyst comprises the second
metal or combinations thereof at a concentration of at most
0.1% by weight, based on the total weight of the catalyst,
preferably at most 0.05% by weight, more preferably at most
0.01% by weight, even more preferably at most 0.005% by
weight.

In an embodiment, the process according to the present
invention further comprises the step of putting the first metal
onto a support by precipitation. The applicants have found
that the precipitation method 1s a very convenient method
for putting a metal such as palladium onto a support.
Suitable precipitation methods for putting palladium metal
onto a support are well known 1n the art.

In an embodiment of the process according to the present
invention, the chemical conversion selected from reductive
amination, and/or the catalyst heat treatment step, 1s per-
formed 1n the presence of a solvent, preferably an organic
solvent, preferably the solvent comprising at least one
alkanol, preferably methanol, preferably the solvent being
present 1n a weight ratio relative to the organic feed substrate
in the range of 0.1-20 g/g, preferably at least 0.2 g/g, more
preferably at least 0.3 g/g, optionally at most 15.0 g/g,
preferably at most 10.0 g/g, more preferably at most 5.0 g/g,
even more preferably at most 4.0 g/g, yet more preferably at
most 3.0 g/g, preferably at most 2.0 g/g, even more prefer-
ably at most 1.0 g/g. Reductive amination reaction and/or
the heat treatment step, according to the process of the
present invention may occur 1n any suitable medium. Sol-
vents such as water, alcohols (e.g. methanol), tetrahydro-
turane (THF), dioxane, alkanes may be used advanta-
geously. A solvent may bring advantages to such reductive
amination reaction, such as an improved hydrogen solubil-
ity, a decreased wviscosity of the reaction mixture, an
improved mixing etliciency, an improved heat transier, etc.
. .. The concentration of the substrate and products 1n such
solvents may be between 1 and 50%, preferably between 5
and 40%, more preferably between 10 and 40% by weight,
based on the total reaction mixture. Highly diluted reaction
mixtures may result in poor space-time yields, while 1n case
of highly concentrated reaction mixtures, the benefits of the
solvent may be minimized. In case the reaction substrates
and products are liquids under the reaction conditions
applied, the reaction may be performed without the addition
of a solvent. One may also choose to add small amounts of
solvents to the reaction mixture, e.g. 1 to 50%, preferably 5
to 40%, more preferably 10 to 30% by weight, relative to the
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total reaction mixture. Such addition may have particular
advantages such as to improve the catalyst performance, to
decrease the autogenous pressure of the reaction mixture, to
prevent phase separation to occur, efc. . . .

In case of the reductive amination of o-chloro benzalde-
hyde with dimethyl amine (DMA), we have found that the
addition of small amounts of methanol to the reaction
mixture improves the yield and operability of the process
significantly. Without wanting to be bound by this theory, the
methanol 1s believed to increase the solubility of the highly
volatile amine and therefore enhancing the reaction rate in
the liquid phase. Additionally, the presence of methanol may
possibly prevent the occurrence of two separate lLiquid
phases during the reductive amination, possible because of
any liberation of water as the co-product in the reaction.

In an embodiment of the process according to the present
invention, the heterogeneous catalyst has been heat treated,
such as prior to its use 1n the process, at a temperature in the
range of at least 200° C., preferably at a temperature of at
least 250° C., more preferably at least 300° C., even more
preferably at least 350° C., yet more preferably at least 400°
C., and optionally at a temperature of at most 550° C.,
preferably at most 500° C., even more preferably at most
450° C., preferably the heat treatment being performed for
at least 1 hour, preferably 2 hours, more preferably at least
3 hours, even more preferably at least 4 hours, yet more
preferably at least 5 hours, preferably at least 6 hours, more
preferably at least 7 hours, even more preferably at least 8
hours, and for at most 24 hours, preferably at most 18 hours,
more preferably at most 12 hours, even more preferably at
most 10 hours, yet more preferably at most 8 hours, pret-
crably at most 6 hours, more preferably at most 5 hours,
even more preferably at most 4 hours, yet more preferably
at most 3 hours. The applicants prefer to heat-treat the
catalyst at about 400° C., in nitrogen, for a period of about
2 hours with a N, tlow at a velocity expressed as weight/
weight/hour (WWH) of about 0.225-0.250 per hour (h™),
and this after first having dried the catalyst at about 80° C.
for a period of 3 hours, 1n stagnant air or preferably under
a flow of gas to remove water vapour, 1.€. until no substantial
turther weight loss of the catalyst being dried could anymore
be noticed.

In an embodiment of the process according to the present
invention, the atmosphere during the heat treatment 1s a
gaseous atmosphere, more preferably selected from the list
consisting of hydrogen H,, nitrogen N, an inert gas and air.

In an embodiment of the process according to the present
invention, the heat treatment of the heterogeneous catalyst
has been performed by exposure to a flow of gas at a WWH
in the range of from 0.0200 to 2.0000 h™', preferably at least
0.0375 h™', more preferably at least 0.050 h™', even more
preferably at least 0.075 h™', yet more preferably at least
0.120 h™', preferably at least 0.150 h™', more preferably at
least 0.200 h™', even more preferably at least 0.220 h™', and
optionally at most 1.500 h™', preferably at most 1.000 h™",
more preferably at most 0.500 h™', even more preferably at
most 0.300 h™". The applicants have found that the heat-
treatment under these conditions 1s particularly convenient
but also particularly effective in obtaining the technical
cllects which are the target of the present invention.

In an embodiment of the process according to the present
invention, the heterogeneous catalyst at the start of the
heat-treatment contained at most 10% wt of free water,
preferably at most 8% wt of free water, more preferably at
most 5% wt of free water, preferably at most 3.0% wt of free
water, more preferably at most 2.0% wt of {free water, even
more preferably at most 1.0% wt of free water, and option-
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ally at least 0.01 wt % free water. The applicants have found
that this feature reduces the risk that the heterogeneous
catalyst becomes damaged during the heat-treatment step.
Free water 1s defined 1n this context as the water which may
be removed by drying at a temperature of at most 100° C.,
as observed by weight loss.

In an embodiment of the process according to the present
invention, the heterogeneous catalyst has been dried prior to
the heat-treatment. The applicants have found that a drying
step 1s a very convement step 1n order to achieve a limited
free water content of the heterogeneous catalyst, which was
found to bring the advantage of reducing the risk that the
heterogeneous catalyst becomes damaged during the heat-
treatment step. A drying step 1s defined 1n this context as an
heating of the catalyst to a temperature of less than 100° C.
for a period of time suitable for removing the desired amount
of free water, as measurable by weight loss. The drying step
may be performed using a heated gas flow to remove
vaporising water. The drying step may be performed sepa-
rate from the heat treatment step, or may be performed
during the starting phase of the heat treatment step, for
instance by keeping the catalyst under a gas flow at the
prescribed temperature for a suitable time before the tem-
perature 1s raised for starting the heat treatment. The appli-
cants have found that this last combination of drying step
and heat treatment step 1s particularly convenient for imple-
mentation at a commercial scale.

In an embodiment of the process according to the present
invention, the heat treatment 1s made 1n the presence of a
substrate or a solvent. Preferably the substrate 1s in the liquad
form. The applicants have found that the use of a liquid
during the heat treatment 1s a very convenient way to bring
heat energy into the heterogeneous catalyst which 1s solid.
The applicants have found that transferring heat to a solid by
use of a liquid 1s much more eflective than by using only a
gaseous carrier for introducing the heat energy.

In an embodiment of the process according to the present
invention, the heterogeneous catalyst has a support selected
from the list consisting of carbon, alumina, silica, zeolite,
clay, porous polymer and hybrid polymer, preferably a
carbon support, more preferably an activated carbon, even
more preferably an activated carbon which has been acti-
vated by a treatment with an acid. The applicants have found
that the heterogenecous catalyst on a carbon support i1s
particularly sensitive to the heat treatment according to the
present invention, and that such catalyst i1s particularly
cllective 1n obtaining the desired eflect of the present
invention.

For the ease of handling, the catalyst 1s preferably sup-
ported on a solid carrier. A suitable carrier for the support of
the metals 1n the catalyst of the process according to the
present mvention 1s activated carbon, because of 1ts large
specific surface area and its good adhesion properties. Fur-
ther treatment, such as steaming, acid washing, sulphona-
tion, or the like, may be given to the support, because this
often enhances the adsorption properties of the activated
carbon. Other carbon carriers such as graphite or carbon
nanotubes (CN'T) may be used as the support of the catalyst.
Carbon supports offer the additional advantage that the
process for recycling the metal or metals, at the end of life
of the catalyst, 1s much simplified as compared with other
supports.

Other types of materials known by people skilled 1n the art
may suitably be used as the catalyst support: alumina, silica,
zeolite, clay, porous polymer and hybrnid polymer, and
combinations thereof.
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The total metal loading on the catalyst support may be 1n
the range of 0.1 to 40% by weight, more preferably at least
0.2%, more preferably 0.5%, more preferably at least 1.0%,
even more preferably at least 2.0%, yet more preferably at
least 3.0%, more preferably at least 4.0%, even more prei-
crably at least 5.0%, and optionally at most 35% by weight,
preferably at most 30%, more preferably at most 25.0%,
even more prelerably at most 20.0%, yet more preferably at
most 15.0%, preferably at most 10.0%, more preferably at
most 7.5%, even more preferably at most 5.0%, whereby the
levels are expressed relative to the total weight of the
catalyst.

The supported catalyst may occur 1n a form which 1s most
suitable and desired for the process, such as a powder, 1n the
form of a granule, an extrudate, or combinations thereof.
With a powder catalyst, the catalyst may after use be
separated from the reaction mixture by filtration. With
granules and/or extrudates, the catalyst and the reaction
mixture may be separated from each other by simple drain-
ing ol the reactor vessel containing the catalyst, which may
for instance be arranged 1n a fixed bed arrangement.

In an embodiment of the process according to the present
invention, the heterogeneous catalyst has a metal area, as
measured by carbon monoxide chemisorption of at least 0.5
m~/g, preferably at least 1.0 m”/g, more preferably at least
2.0 m?/g, even more preferably at least 3.0 m*/g, yet more
preferably at least 4.0 m®/g, optionally at most 12.0 m~/g.

In an embodiment of the process according to the present
invention, the heterogeneous catalyst has an average metal
particle size 1n the range of 2 to 20 nm, preferably at least
2.0 nm, more preferably at least 3.0 nm, even more prefer-
ably 4.0 nm, optionally at most 20.0 nm, preferably at most
15.0 nm, more preferably at most 12.0 nm, even more
preferably at most 10.0 nm, yet more preferably at most 9.0
nm or even at most 8.0 nm. The average metal particle size
1s preferably measured using X-ray powder difiraction
(XRPD), whereby the applicants prefer to use the Sherrer
equation based on half-peak width.

In an embodiment of the process according to the present
invention, the heterogeneous catalyst has been pre-reduced
prior to the step of contacting the catalyst with the organic
feed substrate, preferably by subjecting the catalyst at a
temperature of at least 120° C., preferably at least 140° C.
to a hydrogen atmosphere of at least 5 bar gauge, preferably
at least 8 bar gauge during a period of at least 30 minutes,
preferably at least 45 minutes, preferably the pre-reduction
being performed with the catalyst being 1n contact with an
organic liquid phase, preferably an alkanol, more preferably
methanol. The applicants prefer to perform this pre-reduc-
tion step with the catalyst in contact with methanol, at a
temperature of about 150° C., and under a hydrogen partial
pressure of about 10-11 bar absolute, and this for a period of
about three hours. Alternatively, the applicants may perform
the pre-reduction step with the catalyst in contact with
methanol at a temperature of about 180° C., and under a
hydrogen partial pressure of about 10-11 bar absolute, and
this for a period of about one hour. The applicants have
found that this pre-reduction step allows the catalyst to
exhibit 1ts desired advantageous performance from very
carly on after starting the process.

In an embodiment of the process according to the present
invention, at least 80% of the feed substrate 1s retaining the
at least one further functional group after the conversion,
preferably at least 85%, more preferably at least 90%, even
more preferably at least 95%, preferably at least 97%, more
preferably at least 98%, even more preferably at least 99.0%,
preferably at least 99.4%, more preferably at least 99.5%,
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even more preferably at least 99.6% of the feed substrate 1s
retaining the at least one turther functional group atfter the
conversion. The applicants have found that these results are
readily achievable with the catalyst of the process according
to the present invention. 5

In an embodiment of the process according to the present
invention, the reductive amination 1s performed at a H,
partial pressure 1n the range of 0.01-250 bar gauge, prefer-
ably at least 0.1, more preferably at least 1, even more
preferably at least 5.0 bar gauge, even more preferably at 10
least 10.0 bar gauge, yet more preferably at least 20 bar
gauge, preferably at least 30 bar gauge, more preferably at
least 40 bar gauge, even more preferably at least 50 bar
gauge, and optionally at most 200 bar gauge, preferably at
most 150 bar gauge, more preferably at most 100 bar gauge, 15
even more preferably at most 80, vet more preferably 70,
and preferably at most 60 bar gauge.

In an embodiment of the process according to the present
invention, the reductive amination 1s performed at a tem-
perature in the range ol 0-300° C., preferably at least 10° C., 20
more preferably at least 20° C., even more preferably at least
30° C., yet more preferably at least 40° C., preferably at least
60° C., more preferably at least 80° C., and even more
preferably at least 90° C., and optionally at most 250° C.,
preferably at most 200° C., more preferably at most 180° C., 25
even more preferably at most 150° C., yet more preferably
at most 130° C., preferably at most 120° C., more preferably
at most 110° C., even more preferably at most 100° C.

In an embodiment, the process according to the present
invention 1s performed in continuous mode. The applicants 30
have found that the catalyst itself, as well as 1ts performance,
may be arranged to be fairly stable over time, such that the
process 1s highly suitable for a continuous operating mode.
This brings significant advantages 1n terms of production
rate, volumetric efliciency of the process equipment, control 35
equipment, steadiness of performance, operator attention
and intervention frequency, automation capabilities, many
of which represent significant advantages to the process
owner.

The applicants have found that the process according to 40
the present invention may also be performed 1n batch mode.
The applicants have found that the catalyst, upon separation
from the reaction medium after a first performance of the
process, may readily be reused 1n a second performance of
the process, preferably without any intermediate treatment. 45
The applicants have found that at least 5, preferably at least
10, and more preferably at least 15 reuse cycles may be
performed with the same catalyst 1n the process according to
the present invention. The applicants have found that some
metal may leach from the catalyst during the early perfor- 50
mances ol a fresh catalyst in the process according to the
present mvention, but that such metal leaching 1s at a level
which 1s substantially msigmificant in terms of amount of
metal lost from the catalyst, and also does not cause any
substantial loss of performance of the catalyst. 55

In an embodiment, the process according to the present
invention further comprises the purification of the converted
substrate, preferably by the distillation of the reaction prod-
uct, for reducing the content of at least one compound
selected from a reaction byproduct, a feed 1mpurity, a 60
solvent, and unreacted feed substrate.

In an embodiment wherein the process according to the
present invention 1s used for the production of ortho-chloro
benzyl dimethyl amine, 2-CI-BDMA, the process 1s further
comprising subjecting the 2-CI-BDMA to a Grignard reac- 65
tion, comprising for example 1n a first step the preparation
of a Grignard reagent in which a magnestum atom 1s
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introduced 1n between the benzene ring and the chlorine
atom, followed by a second step wherein the Grignard
reagent 1s reacted with an oxalic acid dialkyl ester.

In an embodiment wherein the process according to the
present mvention 1s used for the production of ortho-chloro
benzyl dimethyl amine, 2-CI-BDMA, the process 1s further
comprising the conversion of 2-CI-BDMA into o-chlorom-
cthylphenylglyoxylic esters by a method such as described
i US 2010/113778 Al. o-Chloromethylphenylglyoxylic

esters are important intermediates for preparing agrochemi-
cally active compounds or microbicides of the methoximi-
nophenylglyoxylic ester series. More particularly, US 2010/
1137778 Al describes the production of strobilurines, a type
of fungicides that are stated to inhibit the respiratory system
of the tungi, and of which Kresoxim-methyl and Dimox-
ystrobin are named and exemplified as particularly interest-
ing family members. In a further embodiment therefore, the
process according to the present mnvention further comprises
the production of a fungicide containing a methoximinophe-
nylglyoxvlic ester derivatived from 2-CI-BDMA, 1n particu-
lar dernived from the composition according to the present
invention.

In an embodiment wherein the process according to the
present imnvention 1s used for the production of ortho-chloro
benzyl dimethyl amine, 2-CI-BDMA, the process 1s further
including the step of treating a surface with the fungicide
containing the methoximinophenylglyoxylic ester which
was derived from the 2-CI-BDMA obtained with the reduc-
tive amination. Such a surface may be from, but 1s not
limited thereto, an agricultural field, an orchard, a leaf or
stem of an agricultural crop, a slab, a floor tile, a fagcade, a
wall or a roof of a building, a cardboard box or any other
kind of packaging material, a portion of human skin, of
human mucosa, of animal skin, or of animal mucosa. The
fungicide composition may be a solid, such as a powder, or
a liquid, in which the ester may be dissolved or dispersed 1n
a carrier or solvent. The step of using the fungicide com-
position may be performed using any one of the methods
known 1n the art, and combinations thereof, such as by
spraying, by brushing, by pouring, by dusting, by mixing,
and the like, including combinations thereof.

In an embodiment of the composition produced by the
process according to the present invention, the composition
comprises at least 98.5% wt of 2-chloro-benzyl-dimethyl-
amine, preferably at least 99.0% wt, more preferably at least
99.1% wt, even more preferably at least 99.2% wt, yet more
preferably at least 99.3% wt of 2-chloro-benzyl-dimethyl-
amine. The higher the content in 2-chloro-benzyl-dimethyl-
amine, the more advantageously the composition may be
applied 1n its desired application, such as a conversion to a
further chemical derivative.

In an embodiment, the composition produced by the
process according to the present invention comprises at most
0.04% wt of 2-chloro-dichloromethyl benzene, preferably at
most 0.030% wt, more pretferably at most 0.020% wt, even
more prelferably at most 0.015% wt, preferably at most
0.010% wt, more preferably at most 50 ppm by weight, even
more preferably at most 10 ppm, of 2-chloro-dichloromethyl
benzene. This component may represent an additional bur-
den 1n applying the composition, such as generating corro-
sive components in subsequent reactions, and/or leading to
undesired byproducts in subsequent conversions. The lower
the content of 2-chloro-benzylchloride, the more advanta-
geously the composition may be applied 1 1its desired
application, such as a conversion to a further chemical
derivative.
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In an embodiment, the composition produced by the
process according to the present invention comprises at least
0.07% wt of 2-chloro-benzyl alcohol, preferably at least
0.09% wt, more preferably at least 0.10% wt. even more
preferably at least 0.12% wt, yet more preferably at least
0.15% wt of 2-chloro-benzyl alcohol.

In an embodiment, the composition produced by the
process according to the present invention comprises at most
1.0% wt of 2-chloro-benzyl alcohol, preferably at most
0.80% wt, more preferably at most 0.60% wt, even more
preferably at most 0.50% wt, yet more preferably at most
0.40% wt of 2-chloro-benzyl alcohol.

The applicants have found that the 2-chloro-benzyl alco-
hol may acceptably be present 1n the composition without
jeopardising or atlecting the performance of the composition
in many of 1its applications, such as particular conversions
into further chemical derivatives, 1n particular those conver-
sions and uses which have been described in more detail
clsewhere 1n this document. The applicants have found that
there 1s for many of such applications little to no need for the
removal of any 2-chloro-benzyl alcohol which may be
present 1n the composition, in particular not when 1t 1s
present at the levels as specified. This represents an advan-
tage because the removal of 2-chloro-benzyl alcohol from
the prime product 2-chloro-benzyl-dimethylamine, and this
to very low levels, may bring significant additional com-
plexity to the process.

In an embodiment, the composition produced by the
process according to the present invention comprises at most
0.20% wt of 2-chloro-benzaldehyde, preferably at most
0.15% wt, more preferably at most 0.10% wt, preferably at
most 0.05% wt, more preferably at most 0.020% wt, even
more preferably at most 0.010% wt, preferably at most 50
ppm by weight, more preferably at most 10 ppm, even more
preferably at most 5 ppm, yet more preferably at most 1 ppm
by weight, as determined by gas chromatography, GC, if
needed assisted by mass-spectrometry. This 2-chloro-benz-
aldehyde does not contribute to many of the applications of
the composition. A presence at a lower level of this com-
ponent therefore represents an improved eflectiveness and
brings improved efliciencies in the further use and applica-
tion of the composition.

In an embodiment, the composition produced by the
process according to the present invention comprises at most
0.40% wt of 4-chloro-benzyl dimethylamine, preferably at
most 0.30% wt, more preferably at most 0.20% wt, even
more preferably at most 0.10% wt of 4-chloro-benzyl dim-
cthylamine, preferably at most 0.05% wt, more preferably at
most 0.020% wt, even more preferably at most 0.010% wit,
preferably at most 50 ppm by weight, more preferably at
most 10 ppm, even more preferably at most 5 ppm, yet more
preferably at most 1 ppm by weight, as determined by gas
chromatography, GC. The applicants have found that this
component may represent an additional burden 1n applying
the composition, such as in subsequent reactions, and/or
may lead to undesired byproducts 1n subsequent conversions
which 1n addition may be rather diflicult to separate from the
desired product of such conversion. The lower the content of
4-chloro-benzyl dimethylamine, the more advantageously
the composition may be applied in 1ts desired application,
such as a conversion to a further chemical derivative.

In an embodiment, the composition produced by the
process according to the present invention comprises at most
0.35% wt of ortho-chloro toluene, preferably at most 0.30%
wt, more preferably at most 0.20% wt. even more preferably
at most 0.10% wt of ortho-chloro toluene, preferably at most
0.05% wt, more preferably at most 0.03% wt, even more
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preferably at most 0.01% wt, preferably at most 0.05% wit,
more preferably at most 0.020% wt, even more preferably at
most 0.010% wt, preferably at most 50 ppm by weight, more
preferably at most 10 ppm, even more preferably at most 5
ppm, yvet more preferably at most 1 ppm by weight, as
determined by gas chromatography, GC. Preferably the
specified levels apply to the total of all chloro toluene
1somers together. The applicants have found that this com-
ponent, and also its 1somers, may represent an additional
burden in applying the composition, such as 1n subsequent
reactions, and/or may lead to undesired byproducts 1n sub-
sequent conversions which 1n addition may be rather difii-
cult to separate from the desired product of such conversion.
The lower the content of chloro toluenes, i particular of
ortho-chloro toluene, the more advantageously the compo-
sition may be applied 1n i1ts desired application, such as a
conversion to a further chemical derivative.

In an embodiment, the composition produced by the
process according to the present invention comprises at most
0.40% wt of benzyl dimethyl amine, preferably at most
0.30% wt, more preferably at most 0.20% wt, even more
preferably at most 0.10% wt of benzyl dimethyl amine,
preferably at most 0.05% wt, more preferably at most
0.020% wt, even more preferably at most 0.010% wt,
preferably at most 50 ppm by weight, more preferably at
most 10 ppm, even more preferably at most 5 ppm, yet more
preferably at most 1 ppm by weight, as determined by gas
chromatography, GC. This benzyl dimethyl amine does not
contribute to many of the applications of the composition. A
presence at a lower level of this component therefore rep-
resents an 1mproved eflectiveness and brings improved
ciliciencies 1n the further use and application of the com-
position.

In an embodiment, the composition produced by the
process according to the present invention comprises at most
0.40% wt of 2-dimethylaminobenzyl dimethylamine, pret-
erably at most 0.30% wt, more preferably at most 0.20% wt,
even more preferably at most 0.10% wt of 2-dimethylam-
inobenzyl dimethylamine, preferably at most 0.03% wt,
more preferably at most 0.020% wt, even more preferably at
most 0.010% wt, preferably at most 50 ppm by weight, more
preferably at most 10 ppm, even more preferably at most 5
ppm, vet more preferably at most 1 ppm by weight, as
determined by gas chromatography, GC. This 2-dimethyl-
amino-benzyldimethylamine does not contribute to many of
the applications of the composition. A presence at a lower
level of this component therefore represents an improved
ellectiveness and brings improved efliciencies in the further
use and application of the composition.

In an embodiment, the composition produced by the
process according to the present invention comprises at most
0.40% wt of benzaldehyde, preferably at most 0.30% wt,
more preferably at most 0.20% wt, even more preferably at
most 0.10% wt of benzaldehyde, preferably at most 0.05%
wt, more preferably at most 0.020% wt, even more prefer-
ably at most 0.010% wt, preferably at most 50 ppm by
weight, more preferably at most 10 ppm, even more prei-
erably at most 5 ppm, yet more preferably at most 1 ppm by
weight, as determined by gas chromatography, GC. This
benzaldehyde does not contribute to many of the applica-
tions of the composition. A presence at a lower level of this
component therefore represents an improved elflectiveness
and brings improved efliciencies i1n the further use and
application of the composition.

The applicants have found that the process according to
the present mvention 1s particularly suitable, because the
process 1s able to provide a high reaction rate and conversion
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to the desired 2-chloro-benzyl-dimethylamine, which
achieves low levels of the unconverted feed substrate

2-chloro-benzaldehyde, and thanks to the high selectivity of
the catalyst as specified, with low presence of less desired
byproducts, such as 2-chloro-benzyl alcohol and/or benzyl
dimethyl amine and/or 2-dimethylamino-benzyldimethyl-
amine. In addition, the process according to the present
invention for the production of 2-chloro-benzyl-dimethyl-
amine has little to no presence of the other undesired
components 2-chloro-benzylchloride and/or 4-chloro-dim-
cthylbenzylamine and/or chloro toluene 1somers, 1n particu-
lar ortho-chloro toluene. The composition obtainable by the
process according to the present imvention i1s thus particu-
larly suitable for use in many of its applications, such as
particular conversions into further chemical dernivatives, in

particular those conversions and uses which have been
described 1n more detail elsewhere 1n this document.
Analyticals

For analysing the composition produced by the process
according to the present invention, as well as 1 the moni-
toring of the process according to the present invention, the
applicants prefer to use the following gas chromatography,
GC, analytical method.

The GC apparatus 1s preferably an Agilent 6890N with
split 1njector and a flame 1onization detector (FID). The
apparatus 1s equipped with a capillary column coated with a
stationary phase type CP-Si1 5 CB with dimensions 60
mx320 umx5.0 um. The applicants prefer to use an njector
temperature of 280° C., an mjector volume of 1 uliter and a
split ratio of 1/30. The applicants prefer to use helium as the
carrier gas, with a tlow of 2 ml/min at constant tlow. The
oven 1s given a temperature program ol holding for 3
minutes at 60° C., and subsequently ramping up the tem-
perature at a rate of 20° C. per minute up to 290° C., at which
temperature the column 1s kept for an additional 15 minutes.
The FID detector 1s kept at 300° C., and fed with a hydrogen
flow of 45 ml/min and an air flow of 450 ml/min. Make up
gas, preferably nitrogen, and column flow together are set at
a total of 45 ml/min.

The applicants have found that the following components
may readily be identified by specific retention peaks: metha-
nol, DMA, TMA, ethylbenzene, benzaldehyde, benzyl dim-
cthyl amine, ortho-chloro benzaldehyde, ortho-chloro ben-
zylalcohol, ortho-chloro benzyl dimethyl amine, para-chloro
benzyl dimethyl amine, ortho (dimethylamino) benzyl dim-
cthyl amine. The applicants have further found that this GC
technique may readily be assisted with the addition of
mass-spectrometry, such as for determining concentrations
in the lower levels down to 1 ppm wt or even below.

Depending on the sample, the sample may be diluted up
to 10 times 1n 1sopropanol. Preferably 1% of the internal
standard 1s added, upon which the sample 1s preferably
vigorously mixed for at least one minute, and after which 1
ul of sample may be injected into the gas chromatograph.

EXAMPLES

Example 1: Preparation of Pd Catalysts

A 5% wt palladium catalyst having activated carbon (AC)
as 1ts support, commercially available under the reference
E196NN/W 5%, was obtained from the company Evonik.
An amount of 10 g of this catalyst was dried at 80° C. in
static air for 3 hours and subsequently heat-treated under a
nitrogen flow of either 10 ml/min or 30 ml/min, which
respectively correspond to a WWH of 0.08 h™' and 0.25h™",

at the temperatures as specified below during a heat-treat-
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ment time of either 2 or 4 hours. Various diflerent combi-
nations of heat-treatment temperature, mitrogen tflows and
heat-treatment time parameters were tested 1 order to
determine the eflect of these parameters on the performance
ol the heat-treated catalyst.

Example 2: Preparation of Pt Catalysts

A 5% wt platinum catalyst having activated carbon as 1ts
support, commercially available under the reference F 1015
RE/W 5%, was obtained from the company Evonik. An
amount of 10 g of this catalyst was dried at 80° C. 1n static
air for 3 hours and subsequently heat-treated under a nitro-
gen tlow of either 10 ml/min or 30 ml/min, which respec-
tively correspond to a WWH of 0.075 h™"' and 0.225 h™", at
a temperature of 400° C. during a heat-treatment time of 2
hours. In addition, a Pt catalyst was tested having the same
properties but having Al,O; as the support. This 3% wt Pt on
alumina was a commercial catalyst, obtained as such from
the company Sigma Aldrich. Various diflerent combinations
of the nitrogen flows and other parameters were tested on
these Pt-based catalysts, in order to determine the eflect of
these heat treatment parameters on the performance of the
heat-treated catalyst.

Example 3: Reductive Amination of
2-chloro-benzaldehyde with DMA to Produce
2-CI-BDMA

In each experiment, a 100 mL autoclave (Parr) was loaded
with 2.5 g of 2-chloro benzaldehyde (2-CI-BZA) obtained
from the company Sigma Aldrich and 12 ml of dimethyl
amine in methanol solution having a concentration of 2 mole
per liter (2M or 2 Molar). The reactor was sealed and the gas
phase was flushed three times with nitrogen and then pres-
surized at 5 bar by the addition of mitrogen gas. The reactor
was heated at 80° C. and then continuously stirred for 60
minutes at a temperature of 80° C. and a pressure of 5 bar.
Then, the reactor was cooled to 30° C. and degassed. 8 mg
of the catalyst obtained from Example 1 or Example 2 was
added to the autoclave. The autoclave was heated 1mn 15
minutes to 100° C. and hydrogen was added to a final
pressure ol 40 bar. The reductive amination reaction was
allowed to proceed for the indicated time at 100° C. Then the
reactor was cooled down and degassed at room temperature.
Subsequently, a sample of the reaction product liquid was
taken and analysed by gas chromatography (GC) and induc-
tively coupled plasma spectroscopy (ICP). In one experi-
ment, the catalyst was filtered and recycled 1mn a repeat
experiment 1 a second run under the same conditions.

The results obtained were reported 1n Tables 1 to 6. They
are all expressed as selectivity (%), and hence are excluding
any water, methanol, residual dimethylamine or 2-CI-BZA
which might still have been present in the reaction product
samples.

Table 1 reports the results obtained using the palladium
catalysts obtained from Example 1, primarily for difierent
heat-treatment temperatures. The selectivity of the reaction
for the catalysts which were heat-treated at 100° C. or 200°
C. during only 2 hours 1s moderately improved compared to
the selectivity of the reaction for the untreated catalyst. A
much higher selectivity and yield may be observed for the
catalyst which was heat-treated at the higher temperature of
400° C. In addition, the high selectivity brings the advantage
of simplifying the product separation downstream of the
reaction.
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TABLE 1

-
2-Cl-  DMA- 2-Cl-
BDMA BDMA BDMA BOH Others
(%6) (%6) o) (0) (%)

Catalyst
and heat-
treatment
details

Reaction

Conv
(%0)

time
(min)

5% Pd/AC
untreated
5% Pd/AC
N2, 100° C.,
2 h, 30
ml/min

5% Pd/AC
N2, 200° C.,
2 h, 30
ml/min

5% Pd/AC
N2, 400° C.,
2 h, 30
ml/min

15 99.9 45.8 33.4 0.1  20.7

15 99.5 45.3 35.2 0.2 193

15 94.3 42.4 39.3 0.3 18.0

15
30

44.0
82.3

2.1
2.4

97.8

96.2 <0.5

Table 2 shows the beneficial effect of a higher nitrogen
flow for the palladium catalyst as prepared in Example 1,
heat-treated under different nitrogen flows. A high nitrogen
flow of 30 ml/min during the heat-treatment step signifi-
cantly improved the selectivity of the reductive amination
both for 15 min and for 30 min reaction time, as compared
to those for a nitrogen flow of 10 ml/min.

TABLE 2
Catalyst 2-
and heat- Reaction 2-Cl- DMA- 2-Cl-
treatment time  Conv BDMA BDMA BDMA BOH Others
details (min) (%) (%) (%) (%) (%) (%)
5% PdA/AC 15 65.7 22.1 67.8 — — 10.1
N2, 100° C., 30 89.6 23.5 66.8 — 0.5 9.2
2 h, 10
ml/min
5% Pd/AC 15 44.0 2.1 97.8 — — —
N2, 400° C., 30 82.3 2.4 96.2 — 1.1 <0.5
2 h, 30
ml/min

Table 3 shows the eflects of heat-treatment time on the
palladium catalysts from Example 1, heat-treated at the high
temperature of 400° C. during either 2 hours or 4 hours, and
this under a nitrogen tlow of either 10 ml/min or 30 ml/min.
Compared to the performance of the untreated catalyst,
shown 1n Table 1, the selectivities obtained with heat-treated
palladium catalysts are more favourable for all the examples
listed 1n Table 3. Even the lower heat-treatment time at the
low WWH (10 ml/min) already significantly improved the
selectivity compared to untreated catalyst, albeit at the
expense of some loss 1n conversion. The conversion loss was
demonstrated to be readily recoverable by extending the
reaction time, and this while the selectivity remained prac-
tically constant. Intensitying the heat-treatment by using a
higher WWH of about 0.25 h™' (30 ml/min) significantly
increased selectivity. Any penalty suflered on conversion by
this change may readily be recovered by extending the
reaction time. The best performing catalyst 1s the one that
has been heat-treated for a longer time and at a higher WWH
(30 ml/min). This particular catalyst combines a very high
activity with a high selectivity, and hence results 1n a high
yield.
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TABLE 3
Catalyst 2-
and heat- Reaction 2-Cl- DMA- 2-Cl-
treatment time  Conv BDMA BDMA BDMA BOH Others
details (min) (%) (%0) (%) (%) (%) (%)
5% PA/AC 15 65.7 22.1 67.8 — — 10.1
N2, 400° C., 30 89.6 23.5 66.8 — 0.5 9.2
2 h, 10
ml/min
5% PA/AC 15 44.0 2.1 97.8 — — —
N2, 400° C., 30 82.3 2.4 96.2 — 1.1 <0.5
2 h, 30
ml/min
Pd/AC 15 99.4 5.9 93.7 — 0.6 —
N2, 400° C.,
4 h, 30
ml/min

The palladium catalyst which had been heat-treated at
400° C. for 2 hours under a 30 ml/min nitrogen flow, was
recycled once 1in order to compare its performance in a
second run with 1ts performance 1n the first run. The results
are shown 1n Table 4. The performance in the second run
remained very comparable to this 1n the first run.

TABLE 4
Reaction 2-Cl- 2-DMA- 2-CI-
time Conv BDMA BDMA BDMA BOH Others
Run  (min) (%) (%) (%0) (%0) (%) (%)
1 30 82.3 2.4 96.2 — 1.1 <0.5
2 30 80.4 3.1 05.6 — 1.2 —

Tables 5 and 6 report results obtained with the platinum
catalysts from Example 2.

Table 5 shows the eflect of a higher nitrogen flow on the
platinum catalysts from Example 2, heat-treated during 2
hours, under nmitrogen flows of etther 10 ml/min or 30
ml/min. Also for the platinum catalyst, any of the heat-
treatments 1mproves both the activity and the selectivity,
regardless of what the nitrogen tlow was.

TABLE 5

-
2-Cl-  DMA- 2-Cl-
BDMA BDMA BDMA BOH Others
(%0) (7o) SORNNCONNCO

Catalyst
and heat-
treatment
details

Reaction
time
(min)

Conv
(%0)

5% Pt/AC
untreated
5% Pt/AC
N2, 400° C.,
2 h, 10
ml/min

5% Pt/AC
N2, 400° C.,
2 h, 30
ml/min

15 87.9 8&.1 4.2 0.7

15 8&.3 94.%8 4.6 0.2

15 99.9 96.5 3.1 0.2

Table 6 shows the results obtained with platinum catalysts
supported on Alumina (Al,O;), untreated or heat-treated at
400° C. for 2 hours under a nitrogen flow of either 10 ml/min
or 30 ml/min. Also for the platinum on aluminium oxide
catalyst, the heat-treatment 1s demonstrated to improve the
yield of the reaction; 1.e. there 1s found a better performance
in the combination of activity and selectivity, and thus a
lower dehalogenation. In both cases, a longer reaction time
pushes the conversion, while the selectivity of the reaction
hardly changes. The eflects of the present invention are thus
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proven to be also achievable with a support which 1s
different from the activated carbon (AC) in the other
examples.

TABLE 6
Catalyst 2-
and heat-  Reaction 2-Cl- DMA- 2-CI-
treatment time Conv BDMA BDMA BDMA BOH Others
details (mm) (%) (%) (%) (%0) (%0) (%)
5% Pt/ 15 71.1 — 58.5 — 39.1 1.6
Al203 30 86.9 — 61.5 — 36.8 1.4
untreated
5% Pt/ 15 69.3 — 65.4 — 30.2 —
Al203 30 92.8 — 64.5 — 28.3 1.1
N2,
400° C.,
2 h, 10
ml/min
Legend:
Conv Conversion
2-CIl-BZA 2-chloro-benzaldehyde
BDMA Benzyl dimethylamine
2CI-BDMA 2-chlorobenzyl dimethylamine
DMA-BDMA 2-dirnethylarninobenzyl dimethylamine
2-CIl-BOH 2-chlorobenzyl alcohol

Having now fully described this ivention, it will be
appreciated by those skilled in the art that the invention can
be performed within a wide range of parameters within what
1s claimed, without departing from the scope of the inven-
tion, as defined by the claims.

The 1nvention claimed 1s:

1. A process for performing a reductive amination of a
chloro benzaldehyde organic feed substrate in the presence
of hydrogen and a heterogeneous catalyst comprising pal-
ladium or platinum, and 1n absence of a catalytic amount of
any second metal selected from the list consisting of silver,
nickel, cobalt, tin, bismuth, copper, gold, and combinations
thereol, whereby the heterogeneous catalyst has been heat-
treated prior to the reductive amination at a temperature in
the range of 100° C. to 600° C. for a period of at least one
hour.

2. The process according to claim 1, comprising reduc-
tively aminating ortho-chloro-benzaldehyde with dimethyl
amine 1n the presence of hydrogen and said catalyst to
produce ortho-chloro benzyl dimethyl amine.

3. The process according to claim 1, wherein the reductive
amination 1s performed 1n two steps, 1n the first step reacting
the substrate, containing as the first functional group an
aldehyde, with a nitrogen containing compound, and 1n the
subsequent step introducing hydrogen and the catalyst.

4. The process according to claim 1, wherein the hetero-
geneous catalyst comprises the first metal at a concentration
in the range of 0.1-10.0% by weight, based on the total
weight of the catalyst and the second metal or combinations
thereol at a concentration of at most 0.1% by weight, based
on the total weight of the catalyst.

5. The process according to claim 1, wherein the hetero-
geneous catalyst has been heat treated at a temperature of at
least 200° C. for at least 2 hours.

6. The process according to claim 1, wherein the heat
treatment of the heterogencous catalyst 1s performed by
exposure of the catalyst to a tlow of nitrogen at a WWH 1n
the range of from 0.0200 to 2.0000 h™'.

7. The process according to claim 6, wherein the hetero-
geneous catalyst at the start of the heat-treatment contains at
most 5% wt free water.

8. The process according to claim 1, wherein the hetero-
geneous catalyst has been dried prior to the heat-treatment.
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9. The process according to claim 1, wherein the heat
treatment 1s performed in the presence of a liquid compris-
ing the feed substrate, a solvent, or mixtures thereof.

10. The process according to claim 1, wherein the het-
crogencous catalyst has a support comprising carbon, alu-
mina, silica, zeolite, clay, porous polymer or a hybnd
polymer.

11. The process according to claim 1, wherein the het-
erogeneous catalyst has an average metal particle size in the
range of 2 to 20 nm.

12. The process according to claim 1, wherein the het-
cerogencous catalyst has been pre-reduced after the heat
treatment and prior to the step of contacting the catalyst with
the organic feed substrate by subjecting the catalyst to a
hydrogen partial pressure of at least 5 bar absolute, during
a period of at least 30 minutes and at a temperature of at least

120° C.

13. The process according to claim 1, wherein at least
80% of chlorine atoms on the feed substrate are retained
alter the conversion.

14. The process according to claim 1, wherein the reduc-

tive amination 1s performed at an H, partial pressure in the
range of 0.01-250 bar gauge.

15. The process according to claim 1, wherein the reduc-
tive amination 1s performed 1n the presence ol methanol.

16. The process according to claim 1, wherein said
process produces ortho-chloro-benzyldimethylamine, fur-
ther comprising a first step the preparation of making a
Grignard reagent from the ortho-chloro-benzyldimethylam-
ine by introducing a magnesium atom between the benzene
ring of the ortho-chloro-benzyldimethylamine compound
and 1ts chlorine atom, followed by a second step wherein the
Grignard reagent 1s esterified to make a methoximinophe-
nylglyoxvylic ester.

17. The process according to claim 16, further comprising
the production of a fungicide including the methoximino-
phenylglyoxylic ester.

18. The process according to claim 17, further including
the step of treating a surface with the fungicide containing
the methoximinophenylglyoxylic ester.

19. The process according to claim 1, wherein the het-
erogeneous catalyst has been heat-treated prior to the reduc-
tive amination at a temperature in the range of 200° C. to
600° C. for a period of at least two hours.

20. The process according to claim 1, wherein the het-
erogeneous catalyst has been heat-treated, prior to the reduc-
tive amination, at a temperature in the range of 200° C. to
600° C. for a period of at least two hours.

21. The process according to claim 1, wherein the het-
crogeneous catalyst has been heat-treated prior to the reduc-
tive amination under a flow of nitrogen at a WWH rate at
least 0.050 h™"'.

22. The process according to claim 1, wherein the het-
erogeneous catalyst has been heat-treated prior to the reduc-
tive amination under a tlow of nitrogen at a WWH rate at
least 0.075 h™'.

23. The process according to claim 1, wherein the het-
erogeneous catalyst has been heat-treated prior to the reduc-
tive amination at a temperature within a range of 200° C. to
600° C. under a tflow of nitrogen at a WWH rate at least
0.050 h™" for at least two hours.

24. The process according to claim 23, wherein the
temperature 1s within a range of 300° C. to 600° C. and the
WWH flow of nitrogen is at least 0.120 hr™".

25. The process according to claim 24, wherein the
catalyst 1s dried at a temperature of less than 100° C. before
said heat treatment step suilicient such that the catalyst, at
the start of the heat treatment step, contains not more than
10 wt. % free water, based on the weight of the catalyst.
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